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Efficacy and Safety of MR
Imaging with Liver-specific
Contrast Agent: U.S.
Multicenter Phase III Study’

PURPOSE: To assess prospectively the efficacy and safety of postcontrast magnetic
resonance (MR) imaging with gadolinium ethoxybenzyl diethylenetriamine penta-
acetic acid (Gd-EOB-DTPA) compared with that of precontrast MR imaging in
patients who are known to have or are suspected of having liver lesions and who are
scheduled for hepatic surgery.

MATERIALS AND METHODS: Investigational review board approval and written
informed consent were obtained. HIPAA went into effect after data collection. A
total of 172 patients were enrolled. After precontrast MR imaging, 169 patients (94
men, 75 women; mean age, 61 years; age range, 19-84 years) received an
intravenous bolus of 25 pmol/kg Gd-EOB-DTPA and underwent dynamic gradient-
recalled-echo and delayed MR imaging 20 minutes after injection. Arterial and
portal phase computed tomography (CT) were performed within 6 weeks of MR
imaging. The standard of reference was surgery with intraoperative ultrasonography
(US) and biopsy and/or pathologic evaluation of resected liver segments and/or
3-month follow-up of nonresected segments if intraoperative US was not available.
Three blinded reviewers and unblinded site investigators identified liver lesions on
segment maps. The Wilcoxon signed rank test was used to compare differences in
per-patient sensitivity of precontrast and postcontrast MR images. Adverse events
were recorded, and patient monitoring and laboratory assay were performed at time
of injection and up to 24 hours after contrast material administration.

RESULTS: At MR imaging, 316 lesions were identified in 131 patients. In 77% (P =
.012), 72% (P = .15), and 71% (P = .027) of patients for readers 1, 2, and 3,
respectively, more lesions were seen at precontrast and postcontrast MR imaging
combined than at precontrast MR imaging alone. Sensitivity values for blinded
readings were significantly greater at postcontrast MR imaging than at precontrast
MR imaging for two of three blinded readers. For all blinded readers, combined
precontrast and postcontrast MR images showed no difference in sensitivity com-
pared with helical CT scans. The use of MR imaging, however, yielded fewer patients
with at least one false-positive lesion (37%, 31%, and 34% of patients for readers 1,
2, and 3, respectively) than did helical CT (45%, 36%, and 43% of patients for
readers 1, 2, and 3, respectively).

CONCLUSION: Compared with precontrast MR imaging, postcontrast MR imaging
with Gd-EOB-DTPA demonstrated improved sensitivity for lesion detection in the
majority of blinded readers, with no substantial adverse events.

© RSNA, 2005

Gadolinium (Gd) ethoxybenzyl diethylenetriamine pentaacetic acid (Gd-EOB-DTPA) is a
T1 contrast agent for magnetic resonance (MR) imaging that has several advantageous
properties for evaluating the liver. After injection, rapid and specific hepatocyte uptake
with biliary excretion occurs in approximately 50% of the injected dose. As a result of
hepatocyte uptake, normal areas of liver exhibit T1 shortening, whereas focal liver lesions,
such as hepatic metastases, do not exhibit T1 shortening. Mangafodipir trisodium, which
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is another contrast agent that is approved
for use in the United States, has simi-
lar T1 shortening and parenchymal en-
hancement properties (1,2) but is not ad-
ministered as a bolus injection. A bolus
injection of Gd-EOB-DTPA followed by
arterial and portal phase imaging may
prove to be more useful than the admin-
istration of other contrast agents, such as
mangafodipir trisodium and ferumox-
ides, which allow only delayed phase im-
aging. In addition to arterial and portal
phase imaging for the detection and
characterization of liver lesions, hepatic
arterial and portal vein status can be
evaluated. Vascular assessment, together
with parenchymal imaging, can provide
a comprehensive evaluation of hepatic
disease.

The safety and dosing of Gd-EOB-
DTPA have previously been evaluated in
phase I and II clinical studies (3,4). Doses
of up to 100 pmol/kg Gd-EOB-DTPA
have been well tolerated, with maximal
parenchymal enhancement occurring 20
minutes after injection (4,5). Biliary ex-
cretion is rapid and can be detected
within 10 minutes of injection. Doses of
25 and 50 pmol/kg Gd-EOB-DTPA have
shown hepatic enhancement similar to
that of 0.1 mmol/kg gadolinium diethyl-
enetriaminepentaacetic acid (Gd-DTPA)
during dynamic MR imaging (6). Delayed
imaging with Gd-EOB-DTPA, however,
was superior to Gd-DTPA for the detec-
tion and characterization of lesions (6).

The purpose of this phase III multi-
center clinical study was to assess pro-
spectively the efficacy and safety of post-
contrast MR imaging with Gd-EOB-DTPA
compared with that of precontrast MR
imaging in patients who were known to
have or were suspected of having liver
lesions and who were scheduled to un-
dergo hepatic surgery.

MATERIALS AND METHODS

Funding for this study was provided by
Berlex Laboratories. Authors who were
not employees of Berlex Laboratories
controlled the inclusion of any data or
information that might have presented a
conflict of interest for those who were
employees of Berlex Laboratories.

The primary efficacy variable for this
study was the per-patient sensitivity of
liver lesion detection at MR imaging be-
fore and after Gd-EOB-DTPA administra-
tion. The safety of Gd-EOB-DTPA was as-
sessed by means of patient monitoring
and blood serum assay at the time of and
up to 24 hours after contrast material
administration.
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Patient Population

Patients 18 years of age or older who
had liver lesions and were scheduled to
undergo liver surgery were included in
the study. Patients were excluded if they
had contraindications to MR imaging
(eg, aneurysm clip, pacemaker, or severe
claustrophobia). Additional exclusion
criteria were (@) women who were preg-
nant or lactating, (b) patients who had
received any investigational drug within
30 days prior to entering this study,
(c) patients who had received any radio-
graphic contrast material 24 hours before
or after Gd-EOB-DTPA injection, (d) pa-
tients who had received any liver-specific
contrast agent within 2 weeks prior to
Gd-EOB-DTPA injection, (e) patients who
had received iodized oil at any time or
who were scheduled to receive iodized
oil, (f) patients who were clinically unsta-
ble, () patients who had a history of ana-
phylactic reaction to any allergen, drug,
or contrast agent, and (h) patients who
were scheduled to undergo liver biopsy
24 hours before or after Gd-EOB-DTPA
injection. The 24-hour exclusion for bi-
opsy after Gd-EOB-DTPA injection was
used because safety monitoring contin-
ued for 24 hours after injection and be-
cause an intervening biopsy may other-
wise have confounded the safety results.
In addition, patients who underwent
local or systemic liver tumor therapy
within 2 weeks before imaging or who
planned to undergo local therapy be-
tween the time of the required computed
tomographic (CT) or MR imaging exam-
ination were excluded. Patients who were
scheduled to undergo or had undergone
upper abdominal surgery between CT
and MR imaging or who had received
Gd-EOB-DTPA in any prior investiga-
tional study were also excluded. The in-
vestigational review board at each insti-
tution approved the protocol, and all
patients provided written informed
consent. The Health Insurance Portabil-
ity and Accountability Act went into ef-
fect after our data collection was com-
pleted. Patient anonymity, however, was
maintained.

A total of 172 patients were enrolled
between September 1998 and April 2000.
Enrolling centers included New York
University Medical Center, New York,
NY (one patient); University of Miami
School of Medicine, Miami, Fla (23 pa-
tients); Mallinckrodt Institute of Radiol-
ogy, St Louis, Mo (11 patients); Univer-
sity of Chicago Hospital, Chicago, Ill
(one patient); Presbyterian University
Hospital, Pittsburgh, Pa (nine patients);

Johns Hopkins Hospital, Baltimore, Md
(30 patients); University of Michigan Hos-
pitals, Ann Arbor, Mich (20 patients); Duke
University Medical Center, Durham, NC
(13 patients); University of California, Los
Angeles Hospital, Los Angeles, Calif (20
patients); Emory University Hospital, At-
lanta, Ga (six patients); Massachusetts
General Hospital, Boston, Mass (26 pa-
tients); and University of Alabama, Bir-
mingham, Ala (12 patients).

Gd-EOB-DTPA Administration

Patients received 25 pmol/kg (0.1 mL/
kg) Gd-EOB-DTPA as an intravenous bo-
lus injection, which was administered at
a rate of 2 mL/sec. The bolus injection
was followed by a saline flush that was
sufficient to clear the intravenous line. If
the dose was incomplete, the total vol-
ume of the injected dose was recorded.
The imaging protocol that was per-
formed following injection is discussed
later.

Patient Monitoring

Physical examination of the patient
was performed by the principal site in-
vestigator within 24 hours before and 24
hours after Gd-EOB-DTPA administra-
tion. Vital signs were assessed immedi-
ately before and 5 minutes after injec-
tion, immediately after completion of
the MR examination, and 4 and 24 hours
after Gd-EOB-DTPA injection.

Adverse Events

Adverse events were defined as ill-
nesses and signs or symptoms that either
appeared or worsened after the imple-
mentation of the study procedures, inde-
pendent of any drug other than contrast
material. Patient monitoring began 24
hours prior to Gd-EOB-DTPA administra-
tion and ended 24 hours after Gd-EOB-
DTPA administration. Adverse events
were classified as either nonserious or se-
rious, and the intensity of the event was
rated as mild, moderate, or severe. Seri-
ous events were those events that were
life threatening, were permanently dis-
abling, caused death, required hospital-
ization, or extended inpatient hospital-
ization.

Laboratory Testing

A complete blood count and serum as-
say were performed within 24 hours be-
fore, 2—-4 hours after, and 20-28 hours
after Gd-EOB-DTPA injection. In addi-
tion to a complete blood count, measure-
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ments of serum glucose, creatinine, uric
acid, urea nitrogen, calcium, phospho-
rus, total protein, albumin, total biliru-
bin alkaline phosphatase, sodium, potas-
sium, chloride, and lactic dehydrogenase
were obtained. Measurements of clotting
function included prothrombin time and
activated partial thromboplastin time.
Hepatic function was assessed by measur-
ing y-glutamyl transpeptidase, aspartate
aminotransferase, and alanine amino-
transferase levels. Urinalysis consisted of
leukocyte, erythrocyte, total protein, and
albumin measurement. Clinical labora-
tory analyses were performed at a central
laboratory.

MR Imaging

MR imaging was performed by using a
phased-array surface coil for signal recep-
tion. Commercially available 1.5-T MR
imagers and pulse sequences were used in
the study. Precontrast transverse T2-
weighted fast spin-echo images were ob-
tained with =3000/90-120 (repetition
time msec/echo time msec), two to four
signals acquired, matrix size of 192-
256 X 256, field of view of =400 mm,
section thickness of 5-8 mm, intersec-
tion gap of 0-2 mm, and chemical shift
fat suppression. Precontrast and postcon-
trast transverse dynamic spoiled gradi-
ent-recalled-echo T1-weighted images
were obtained with 100-200/2.2-2.4, flip
angle of 70°-80°, matrix size of 160-
192 X 256, field of view of =400 mm,
section thickness of 5-8 mm, intersec-
tion gap of 0-2 mm, and breath-hold
acquisition. The acquisition of dynamic
gradient-recalled-echo images was simul-
taneous with the start of contrast mate-
rial injection and was repeated five times
consecutively, with 30 seconds between
each acquisition to allow breathing. At
20 minutes after contrast material injec-
tion, the T1-weighted gradient-recalled-
echo sequence was repeated.

CT Scanning

Arterial and portal phase postcontrast
helical CT, as well as MR imaging and
hepatic surgery, were performed within
the same 6-week period. CT was per-
formed with a section thickness of 5-8
mm, pitch of 1-2, iodinated contrast
material injection rate of 3-5 mlL/sec,
craniocaudal scanning, 100-150 kV, and
180-300 mAs. Arterial phase imaging be-
gan 25-35 seconds after contrast material
injection, and portal phase imaging be-
gan 45-70 seconds after contrast material
injection.
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Image Analysis

The principal site investigators, who
had 3-20 years experience in hepatic im-
aging (G.K., M.A,, ]JJ.B,, D.D.C, P.L.D,,
D.AB,IRF,EKP,D.L,W.CS., TMW,),
conducted CT and MR image review at
each center. Site investigators were not
blinded to any imaging, pathologic, or
laboratory result that was relevant to the
patient’s care. Investigators recorded the
number, diameter, and diagnosis of each
lesion. A maximum of up to 15 individ-
ual lesions were recorded per patient. If
more than 15 lesions of the same type
(eg, metastases) were present, the group
of lesions was classified as “more than 15
lesions,” without further specification of
the number of lesions. If a patient had
more than 15 regenerating nodules or
cysts, but other lesions were also present,
a maximum of up to 15 other lesions
were recorded.

Three independent blinded readers
(E.S.S., F.T.L., and L.H.S., with 11, 14, and
14 years experience in hepatic imaging,
respectively) who had not participated in
MR imaging conducted blinded image re-
view. Blinded readers did not have infor-
mation as to the patients’ age, race, sex,
name, or hospital and did not know the
diagnosis of the lesion or which device
the patients were imaged with. Blinded
readers were also not told if the images
were obtained before or after contrast
material administration. Pulse sequence
parameters (eg, repetition time, echo
time, flip angle, and matrix size) were
available to the readers. The readers were
aware that the patients were known to
have or were suspected of having liver
lesions. Different reading sessions were
conducted to evaluate (a) helical CT
scans alone, (b) precontrast and postcon-
trast T1-weighted MR images alone, or
(c) precontrast and postcontrast T1-
weighted and T2-weighted MR images
alone. Images were presented to the read-
ers for interpretation on imaging work-
stations.

Site investigators and blinded review-
ers identified lesions by using maps that
contained eight sections of the liver,
which were drawn according to the
Couinaud system of liver anatomy (7).
Lesion maps were recorded for MR im-
aging, helical CT, intraoperative ultra-
sonography (US), pathologic analysis,
and/or 3-month diagnostic follow-up
(explained further in Standard of Refer-
ence section). Blinded readers indicated
the liver segment that contained the
lesion, as well as the adjacent segment if
the lesion crossed segment boundaries.

In addition, the lesion diameter was re-
corded to aid in lesion identification.

Standard of Reference

The standard of reference for the final
diagnosis was one or more of the follow-
ing: surgery with intraoperative US and
pathologic evaluation of the resected
liver segments or intraoperative US alone
if hepatic resection was not performed. If
intraoperative US was not available for
the nonresected liver segments, an addi-
tional diagnostic and/or therapeutic pro-
cedure, including CT, MR imaging, US, or
biopsy, was performed within 3 months
after MR imaging. The type of additional
diagnostic and/or therapeutic procedure
that was performed had to be different
than that which was used to detect the
lesion. The investigator at each site re-
corded the final diagnosis on the basis of
these standards of reference.

Lesion Tracking

Lesion tracking, as opposed to consid-
ering only the total number of lesions
present per patient, was performed to en-
sure that the detected lesion corre-
sponded to the lesion that was identified
with the standard of reference. A matched
lesion was defined as a reader-identified
lesion that had an identical location
within the same liver segment, as seen on
respective CT and MR images and veri-
fied with the standard of reference. Both
an independent blinded radiologist who
was not a site investigator and a blinded
reader identified each lesion by using im-
aging procedures that were able to match
the location of the lesions identified with
the standard of reference based on the
recorded liver maps.

Statistical Analysis

The primary efficacy variable of both
unblinded and blinded readings was the
per-patient sensitivity of lesion detection
at diagnostic imaging (ie, helical CT and
MR imaging) for matched lesions that
were verified by means of the standard of
reference. True-positive lesions were de-
fined as lesions that were detected at CT
or MR imaging and were verified with the
standard of reference. For each patient,
the sensitivity was calculated as the rela-
tive frequency with which lesions that
were identified with the standard of ref-
erence were matched by using the two
diagnostic imaging procedures. To com-
pare the two diagnostic procedures, the
difference between the corresponding

MR Imaging with Liver-specific Contrast Agent - 91



Radiology

relative frequencies was calculated for
each patient.

The null hypothesis of the primary sta-
tistical assessment was that the sensitiv-
ity of precontrast MR images was equal to
that of the combined precontrast and
postcontrast MR images. The comparison
of precontrast MR images and combined
MR images was based on differences be-
tween per-patient sensitivities (paired
differences). The Wilcoxon signed rank
test was applied at a two-sided signifi-
cance level of 5%. The correlation of le-
sions within the same patient was ac-
counted for by estimating sensitivity on a
per-patient basis and by using these esti-
mates for the evaluation with the Wil-
coxon signed rank test. A secondary anal-
ysis was performed to compare (a) post-
contrast MR imaging with helical CT,
(b) precontrast MR imaging with post-
contrast MR imaging, (c) precontrast and
postcontrast MR imaging with helical
CT, (d) precontrast and postcontrast MR
imaging with postcontrast MR imaging,
and (e) postcontrast T1-weighted MR im-
aging with precontrast T1-weighted MR
imaging.

The «k values for multiple readers were
used to evaluate the agreement between
blinded readers for the overall lesion de-
tection rate and for the classification of
lesions as benign or malignant.

As a measure of specificity, the number
of false-positive lesions was determined.
False-positive lesions were defined as le-
sions that were detected during any of
the imaging examinations but were not
verified with the standard of reference.

For analysis of safety, the frequency
of adverse events was recorded. For clin-
ical laboratory evaluation, laboratory val-
ues that demonstrated clinically relevant
changes from the baseline, as determined
by the site investigator, were tabulated.

RESULTS

Patient Enrollment

Three patients did not receive Gd-EOB-
DTPA, two patients withdrew consent
owing to claustrophobia during the pre-
contrast MR imaging, and one patient
had precontrast MR images with severe
metal artifacts. Therefore, 169 patients
received Gd-EOB-DTPA and were in-
cluded in the adverse event analysis. The
mean age of all patients was 61 years (age
range, 19-84 years). A total of 94 (55.6%)
of 169 patients were men, and 75 (44.4%)
were women. Of 169 patients who re-
ceived Gd-EOB-DTPA, 142 (84.0%) were
white, 12 (7.1%) were black, 12 (7.1%)
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were Hispanic, and three (1.8%) were
Asian. Thirteen (7.7%) of 169 patients
had a history of cirrhosis. Reasons for
planned hepatic surgery are listed in Ta-
ble 1 according to diagnosis.

Adverse Events

There were no serious adverse events
nor did any adverse event lead to a dis-
continuation of the study. Overall, there
were 28 adverse events reported in 17
(10.0%) of 169 patients after the injec-
tion of Gd-EOB-DTPA. One of these
events (injection site reaction) was classi-
fied as definitely contrast material-re-
lated. Fourteen adverse events (three
cases of vasodilatation, two cases of head-
ache, two cases of dyspnea, and one case
each of increased sweating, palpitation,
taste alteration, dizziness, back pain, par-
osmia, and injection site edema) in nine
patients were assessed as probably or pos-
sibly contrast material-related. The re-
mainder of the adverse events were clas-
sified by the site investigators as unlikely
or not contrast material-related. All ad-
verse events (15 events in 10 patients)
that were definitely, probably, or possibly
contrast material-related were mild or
moderate in intensity.

Clinical Laboratory Evaluation

Laboratory values that demonstrated
clinically relevant changes from the base-
line, as judged by the site investigator,
were recorded in seven (4.1%) of 169 pa-
tients. One patient had abnormally low
total protein and inorganic phosphate
levels at 24-hour follow-up for reasons
that were unknown to the site investiga-
tor. These tests were repeated 4 days later,
and the values had returned to normal.
This patient had a history of breast can-
cer, had undergone chemotherapy, and
had received digoxin, quinapril, fluoex-
etine, and alprazolam as concomitant
medications. Another patient had ele-
vated albumin (27.9 g/mol creatinine)
and decreased sodium (132 mmol/L) lev-
els at 24-hour urinalysis. Both levels re-
turned to baseline at follow-up 4 days
later. This patient had a history of alco-
hol-induced liver cirrhosis and hepato-
cellular carcinoma and had received
lactulose, metoprolol, methylphenidate
(Ritalin; Novartis, East Hanover, NJ), and
dyazide as concomitant medications. The
other five patients had abnormal values
that were determined by site investiga-
tors to be related to the patients’ under-
lying medical history and/or concomi-
tant medication.

TABLE 1
Reasons for Planned Hepatic Surgery
according to Diagnosis

No. of Patients

Diagnosis (n =169)
Metastasis 108 (63.9)
Hepatocellular carcinoma 33 (19.5)
Hemangioma 8 (4.7)
Cholangiocarcinoma 7 (4.1)
Adenoma 2(1.2)
Liver cyst 1(0.6)
Hydatic cyst 1(0.6)
Other 9(5.3)

Note.—Numbers in parentheses are percent-
ages.

Overall Lesion Detection

Site investigators.—Of the 169 patients,
31 (18.3%) did not undergo a standard of
reference procedure. Seven additional pa-
tients had major protocol deviations:
Three patients did not undergo a valid
follow-up procedure, two patients were
missing 20 minutes of their postcontrast
MR images, one patient underwent sur-
gery more than 6 weeks after the MR
imaging with Gd-EOB-DTPA, and one pa-
tient received less than 80% of the Gd-
EOB-DTPA dose and was excluded from
the MR image evaluation. Thus, imaging
data from 131 patients were available for
the efficacy analysis.

A total of 316 lesions were identified in
131 patients (mean, 2.4 lesions per pa-
tient; range 0-10 lesions). Ninety-eight
(31.0%) of 316 lesions were <1 cm in
diameter, and 218 (69.0%) of 316 lesions
were =1 cm in diameter. In five patients,
no lesions were identified with the stan-
dard of reference. Of the 126 patients
with lesions, four patients did not un-
dergo valid helical CT; therefore, 122 pa-
tients with 299 lesions that were identi-
fied with the standard of reference were
included in the analysis of CT data.

Table 2 presents the number of matched
lesions identified by the site investigators
at precontrast MR imaging, postcontrast
MR imaging, and helical CT. A total of
197 (65.9%) of 299 lesions were identi-
fied at helical CT, 198 (62.6%) of 316
were identified at precontrast MR imag-
ing, and 224 (70.9%) of 316 were iden-
tified at postcontrast MR imaging. Sim-
ilar trends were present for lesions =1
cm and for lesions <1 c¢m in diameter
(Table 2).

Blinded readers.—Table 3 shows the
overall lesion detection rate for each of
the blinded readers. For all three readers,
the number of matched lesions identified
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TABLE 2

at MR Imaging and Helical CT

Number of Lesions Identified as Hepatocellular Carcinoma or Metastases by Unblinded Site Investigators

Hepatocellular Carcinoma Metastases
Modality All Lesions <1 cm =1 cm <1cm =1 cm
Precontrast MR imaging 198/316 (62.7) 0/7 (0) 22/26 (85) 16/49 (33) 113/140 (80.7)
Postcontrast MR imaging 224/316 (70.9) 0/7 (0) 22/26 (85) 22/49 (45) 123/140 (87.8)
Helical CT 197/299 (65.9) 1/7 (14) 22/23 (96) 12/40 (30) 112/136 (82.4)

Note.—Numbers in parentheses are percentages.

TABLE 3

at MR Imaging and Helical CT

Number of Liver Lesions Classified as Hepatocellular Carcinoma and Metastasis by Blinded Readers

Hepatocellular Carcinoma Metastasis
Modality All Lesions* <1cm =1 cm <1 cm =1 cm
Reader 1
Precontrast MR imaging
T1-weighted and T2-weighted 200/316 (63.3) 0/33 23/33 16/189 107/189
T1-weighted 163/316 (51.6) 0/33 17/33 13/189 95/189
Postcontrast MR imaging
T1-weighted and T2-weighted 234/316 (74.0) 0/33 23/33 28/189 116/189
T1-weighted 205/316 (64.9) 0/33 21/33 23/189 111/189
Pre- and postcontrast MR imaging 226/316 (71.5) 0/33 23/33 27/189 113/189
Helical CT 210/299 (70.2) 1/30 21/30 20/176 109/176
Reader 2
Precontrast MR imaging
T1-weighted and T2-weighted 195/316 (61.7) 1/33 21/33 16/189 106/189
T1-weighted 170/316 (53.8) 0/33 16/33 15/189 96/189
Postcontrast MR imaging
T1-weighted and T2-weighted 213/316 (67.4) 0/33 23/33 23/189 117/189
T1-weighted 189/316 (59.8) 0/33 21/33 22/189 109/189
Pre- and postcontrast MR imaging 215/316 (68.0) 0/33 20/33 23/189 112/189
Helical CT 201/299 (67.2) 1/30 19/30 16/176 114/176
Reader 3
Precontrast MR imaging
T1-weighted and T2-weighted 187/316 (59.2) 0/33 21/33 14/189 99/189
T1-weighted 166/316 (52.5) 0/33 19/33 15/189 90/189
Postcontrast MR imaging
T1-weighted and T2-weighted 209/316 (66.1) 0/33 25/33 18/189 111/189
T1-weighted 192/316 (60.8) 0/33 23/33 16/189 106/189
Pre- and postcontrast MR imaging 215/316 (68.0) 0/33 23/33 22/189 113/189
Helical CT 188/299 (62.9) 0/30 20/33 12/176 111/176

* Numbers in parentheses are percentages.

on combined precontrast and postcon-
trast MR images exceeded the number of
lesions identified on precontrast MR im-
ages and helical CT scans by 6%-9% for
precontrast MR images and 1%-5% for
helical CT scans. For reader 1, the greatest
number of lesions was identified on the
postcontrast MR images. For readers 2
and 3, the greatest number of lesions was
identified on the combined precontrast
and postcontrast MR images.

Per-Patient Sensitivity Analysis

The primary efficacy analysis com-
pared the per-patient sensitivity of lesion
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detection on precontrast and postcon-
trast MR images combined with the per-
patient sensitivity of lesion detection on
precontrast MR images alone. A total of
126 patients had lesions that were iden-
tified by using the standard of reference.
Of these, 31, 29, and 41 patients for readers
1, 2, and 3, respectively, showed a differ-
ence between the number of matched le-
sions detected on precontrast and postcon-
trast MR images combined and those de-
tected on precontrast MR images alone. In
24 (77%) of 31 (P = .012), 21 (72%) of 29
(P = .15), and 29 (71%) of 41 (P = .027)
patients for readers 1, 2, and 3, respec-

tively, more lesions were correctly seen on
the precontrast and postcontrast MR im-
ages combined than were seen on precon-
trast MR images alone when compared
with the standard of reference. Thus, sta-
tistically significant results in favor of the
combined precontrast and postcontrast
MR images were obtained for two of three
blinded readers.

Secondary comparisons were con-
ducted for both unblinded (site) and
blinded readings to compare the per-pa-
tient lesion detection rate for MR images
obtained with Gd-EOB-DTPA with that
of other image combinations (Figs 1, 2).
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Table 4 lists the comparisons that were
performed and the sensitivity values. For
unblinded readings, the sensitivity val-
ues of postcontrast MR images were sig-
nificantly greater than those of precon-
trast MR images and helical CT scans. For
blinded readings, sensitivity values of
postcontrast MR images were signifi-
cantly greater than those of precontrast
MR images in two of three readers (Table
4). In addition, postcontrast T1-weighted
MR imaging demonstrated a higher sen-
sitivity than precontrast T1-weighted im-
aging in one of three readers.

Specificity Analysis

A total of 35 (26.7%) of 131 patients at
precontrast MR imaging, 41 (31.3%) of
131 at postcontrast MR imaging, and 40
(31.5%) of 127 at helical CT had at least
one false-positive lesion (benign or ma-
lignant) that was identified by unblinded
site investigators. Table 5 shows the
number of patients with at least one
false-positive lesion for the blinded read-
ers. For all three readers, the use of pre-
contrast and postcontrast MR images
combined yielded fewer patients with at
least one false-positive lesion than did
helical CT scans alone. At least one false-
positive lesion was seen in an additional
five (4%) of 131 and two (2%) of 131
patients for readers 1 and 2, respectively,
for precontrast and postcontrast MR im-
ages combined versus precontrast MR im-
ages alone (Table 5). Reader 3 reported
five (4%) of 131 fewer patients with at
least one false-positive lesion of precon-
trast and postcontrast MR images com-
bined versus precontrast MR images alone.

Table 6 shows the number of false-pos-
itive lesions for both unblinded site in-
vestigators and blinded readers. Postcon-
trast MR images demonstrated a higher
number of false-positive lesions than did
the precontrast MR images for all three
blinded readers. Also, all three blinded
readers reported a higher number of
false-positive lesions for helical CT scans
than for precontrast and postcontrast MR
images combined. This was primarily be-
cause there was a higher number of false-
positive lesions that measured <1 cm at
helical CT.

The majority of false-positive lesions
were classified by unblinded site readers
as malignant (Table 6). The percentage
of malignant lesions was similar for he-
lical CT, precontrast MR imaging, and
postcontrast MR imaging. Blinded read-
ers 1 and 2 classified the majority of
false-positive lesions as malignant for
all imaging combinations except for he-
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lical CT (reader 2). Reader 3 classified
fewer false-positive lesions as malig-
nant (Table 6) but correspondingly clas-
sified more lesions as “not assessable”
(data not shown).

Lesion Classification

A total of 316 lesions were identified by
using the standard of reference. Of these,
232 (73.4%) lesions were malignant,
while 79 (25.0%) were benign. Five
(1.6%) lesions were not assessable. Table
7 shows the number of lesions correctly
detected and classified as benign or ma-
lignant by the blinded readers. Com-
pared with precontrast MR images and
helical CT scans, postcontrast MR images
were used by the unblinded site readers
to correctly classify more lesions as ma-
lignant (178 [76.7%] of 232 lesions) or
benign (57 [72.2%] of 79 lesions). For all
blinded readers, the use of postcontrast
MR images alone and precontrast and
postcontrast MR images combined re-
sulted in a higher percentage of correctly
classified lesions than did the use of he-
lical CT scans or precontrast MR images
alone (Table 7). For all blinded readers,
the differences in the number of lesions
that were correctly classified by using the
combined precontrast and postcontrast
MR images versus CT scans were larger
for benign lesions than for malignant le-
sions (Table 7).

Figure 1. Images of a 62-year-old woman.
(a) Transverse helical CT scan of liver inter-
preted as negative for tumor by all three read-
ers. (b) Portal phase transverse T1-weighted
MR image (200/4.4) shows approximately
1-cm metastasis (arrow) in segment 2 of liver.
Lesion was detected by all three readers.
(c) Delayed postcontrast transverse T1-
weighted MR image (180/4.4) confirms lesion
in segment 2 (arrow). Lesion was detected by
all three readers. Differences in breath hold-
ing account for slight differences in image
levels.

Reader Agreement

Reader agreement was assessed for the
316 lesions that were identified at MR
imaging and were verified with the stan-
dard of reference and for the 297 lesions
that were identified at helical CT and
were verified with the standard of refer-
ence. The agreement between readers for
lesion detection was highest at precon-
trast MR imaging (x = 0.69) compared
with postcontrast MR imaging, com-
bined MR imaging, and helical CT (x =
0.64, 0.58, 0.54, respectively). The agree-
ment between readers for classification of
a lesion as benign or malignant was high-
est at postcontrast MR imaging (x = 0.66)
compared with precontrast MR imaging,
combined MR imaging, and helical CT
(k = 0.65, 0.62, 0.57, respectively).

DISCUSSION

In our study, for unblinded site investi-
gators and all blinded readers, 6%-9%
more lesions were detected with precon-
trast and postcontrast MR imaging com-
bined than were detected with precon-
trast MR imaging alone. Lesion detection
was improved for lesions =1 cm and for
lesions <1 cm. This difference was statis-
tically significant for site investigators
and for two of three blinded reviewers.
Improved lesion detection was associated
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Figure 2.

Images of a 57-year-old man. (a) Transverse helical CT scan near dome of liver shows

approximately 3-cm lesion owing to metastasis (arrow). Lesion was not detected by two of three
readers. (b) Transverse helical CT scan several centimeters below a was interpreted as negative for
tumor by all three readers. (c) Delayed postcontrast transverse T1-weighted MR image (200/4.4)
at same level as a shows hypointense lesion owing to metastasis. Lesion was detected by all
readers. (d) Delayed postcontrast transverse T1-weighted MR image (180/4.4) at same level as b
shows 1-cm lesion (arrow) that was confirmed as metastasis. Lesion was detected by two of three
readers. Differences in breath holding account for slight differences in image levels.

with a small (2%-3%) increase in the
number of patients with at least one
false-positive lesion for two of the
blinded readers and a similar decrease in
false-positive lesions for one blinded
reader.

Findings from helical CT were com-
pared with those from postcontrast MR
imaging, and no significant difference in
lesion detection (sensitivity) between the
two modalities was observed. For all
blinded readers, however, the number of
patients with one false-positive lesion
was 5%-9% less with precontrast and
postcontrast MR imaging combined than
with helical CT alone. The percentage of
lesions that were correctly classified as
malignant or benign was 2%-15% greater
for blinded readers who compared pre-
contrast and postcontrast MR images
with helical CT scans. False-positive le-
sions may potentially affect patient care
by altering plans for surgery, particularly
if the positive lesions are identified in
separate liver lobes. The effect of false-
positive lesions on patient care, however,
has changed to some degree as a result of
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newer approaches to liver surgery. Tradi-
tional surgical exclusion criteria, such as
more than four liver lesions, are no
longer strict contraindications to surgery.
Nonanatomic hepatic resections and
combined therapy, including radiofre-
quency ablation, provide surgeons with
several options for the surgical treatment
of liver disease. Surgical procedures that
begin as exploration of the liver but in-
stead show lack of resectable liver disease
may be used to allow placement of a he-
patic artery infusion pump. Thus, surgi-
cal management of liver disease has be-
come more flexible, in part because of
imperfect noninvasive preoperative im-
aging and advances in surgical tech-
niques.

Gd-EOB-DTPA has considerable poten-
tial advantages for MR imaging of the
liver. The results of CT scanning with
iodinated contrast agents and the results
of MR imaging with gadolinium chelate
have led to an understanding of the im-
portance of capturing arterial and portal
phase enhancement characteristics of
liver lesions. A bolus injection of these

contrast agents is also necessary to assess
hepatic artery and portal vein status. De-
layed imaging with Gd-EOB-DTPA results
in the specific uptake of the contrast
agent by hepatocytes. The contrast agent
is then excreted into the biliary system,
allowing assessment of biliary anatomy
in combination with established MR
cholangiographic techniques (8,9).

Gadolinium chelates that are currently
approved for MR imaging of the liver by
the Food and Drug Administration in the
United States have a low rate of minor
adverse events (10,11). The excellent
safety profile of these contrast agents es-
tablishes a base of comparison and ex-
pectation for new MR contrast agents.
The results of our study, which was sim-
ilar to prior phase I and II clinical studies
(3,4), demonstrate that Gd-EOB-DTPA
was well tolerated, with no substantial
adverse events. Minor adverse events (eg,
headache and vasodilatation) that were
potentially related to the administration
of contrast material were reported in 10
(5.9%) of 169 patients. Importantly,
none of the adverse events was rated as
severe in intensity.

The stated sensitivities and specificities
of postcontrast MR imaging for the detec-
tion of focal liver lesions vary widely in
the literature. For example, the results of
a multicenter trial comparing gadover-
setamide with gadopentetate dimeglu-
mine indicate sensitivities of 58.3% and
59.5%, respectively (12). Results of single
center studies have demonstrated sensi-
tivities greater than 90% (13-16). These
variations are in part related to the study
design but are also related to the varying
methods of stating specificity for lesion
detection. For this reason, CT scanning
was included as a reference standard and
was compared with MR imaging. In this
study, all mapped lesions were carefully
tracked by an independent radiologist in
an attempt to match the findings from
surgery, intraoperative US, MR imaging,
and CT. Although the sensitivity of post-
contrast MR imaging that we have re-
ported is low (68%-71% for blinded read-
ers), similar values have been described
in other multicenter studies (1,2,17).

As expected, the sensitivities of blinded
readings were lower than those of un-
blinded readings by 7%-10% for MR
imaging and 3%-7% for CT. Unblinded
investigators were aware of the lesion
diagnosis and of any comparison exami-
nations that were performed prior to MR
imaging or CT. There may also be certain
imaging characteristics of the MR imag-
ers or CT scanners at each site that
would allow the site readers to be more

MR Imaging with Liver-specific Contrast Agent - 95



Radiology

TABLE 4
Per-Patient Sensitivity of Liver Lesion Detection for Unblinded Site Investigators and Blinded Readers
at MR Imaging and Helical CT

Unblinded Site

Investigators Reader 1 Reader 2 Reader 3
Comparison Sensitivity PValue  Sensitivity P Value  Sensitivity P Value  Sensitivity P Value

Postcontrast vs precontrast MR imaging 15/15(100) <.001  26/29 (90) <.001 24/34 (70) <.028  25/36 (69) .07
Postcontrast MR imaging vs helical CT 16/22 (73) <.01 22/31 (71) <.06 17/34 (50) <.29 29/47 (62) .61
Pre- and postcontrast MR imaging vs helical CT v (X 20/36 (56) <.53 16/35 (46) <.13 27/45 (60) .59
Pre- and postcontrast MR imaging vs

postcontrast MR imaging 10/28 (36) <.12 10/25 (40) <.40 11/23 (48) .52
Postcontrast T1-weighted vs precontrast

T1-weighted MR imaging 34/41 (83) <.001  25/42(60) <.60 34/48 (71) .10

Note.—Numbers in parentheses are percentages. Denominators represent the number of patients in whom there was a difference between the number
of lesions detected with the two comparison modalities. The numerator represents the number of patients in whom the first examination demonstrated
more lesions than did the second examination. If the percentage was less that 50%, then the second examination yielded a higher number of detected
lesions in more patients. For MR imaging comparisons, results of 126 patient examinations were available. For MR imaging vs CT comparisons, results

of 122 patient examinations were available for both modalities.

TABLE 5

Number of Patients with at Least One False-Positive Lesion for Blinded Readings at MR Imaging and Helical CT

No. of Patients with at Least One False-Positive Lesion

Total No. of

Modality Patients Reader 1 Reader 2 Reader 3
Precontrast T1-weighted and T2-weighted MR imaging 131 44 (33.6) 38 (29.0) 49 (37.4)
Combined pre- and postcontrast MR imaging 131 49 (37.4) 40 (30.5) 44 (33.6)
Postcontrast MR imaging 131 61 (46.6) 43 (32.8) 56 (42.7)
Helical CT 127 57 (44.9) 46 (36.2) 55 (43.3)
Precontrast T1-weighted MR imaging 131 40 (30.5) 34 (26.0) 39 (29.8)
Postcontrast T1-weighted MR imaging 131 45 (34.4) 40 (30.5) 47 (35.9)

Note.—Numbers in parentheses are percentages.

familiar with image interpretation than
the blinded reviewers would be. Despite
this, the maximum sensitivities for MR
imaging and CT were 78% and 73%, re-
spectively. Thus, there remains consider-
able room for improvement of these non-
invasive technologies for hepatic lesion
detection.

There have not been direct compari-
sons between the efficacy of Gd-EOB-
DTPA and the efficacy of other liver-spe-
cific MR imaging contrast agents. The re-
sults of multicenter trials of ferumoxides
indicate a sensitivity range of 68%-97%
(13-19); higher values correspond to sin-
gle center trials. Postcontrast MR imaging
with mangafodipir trisodium has been
reported to have sensitivities of 72%-
90% (1,2,15). Without a direct compari-
son trial, it is not possible to compare the
results of this trial with earlier data in the
literature. Vogl et al (6), however, com-
pared gadopentetate dimeglumine with
Gd-EOB-DTPA in 31 patients; in their
study, Gd-EOB-DTPA allowed improved
lesion detection compared with gado-
pentetate dimeglumine. This type of
study is extremely useful in establishing
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the rationale for using both dynamic and
delayed phase MR imaging to improve
the performance of MR imaging of the
liver.

There were several limitations of this
study. First, helical CT was used for com-
parison. The helical CT scanners that are
currently used are four- and 16-detector
row scanners, but these were not gener-
ally available at the time of the data col-
lection. Further improvement in the per-
formance of CT could be possible by us-
ing newer multi-detector row scanners
combined with decreased section colli-
mation. Kawata et al (20) evaluated the
potential for improved lesion detection
with decreased collimation in hepatocel-
lular carcinoma. They found that lesion
detection was not significantly improved
for a section collimation of <5 mm (20).
Similar results were obtained for hepatic
metastases (21). An additional limitation
is that the full effect of the delayed hep-
atocyte-specific phase of imaging was not
examined separately in this study. In-
stead, as would be the case in a clinical
setting, all postcontrast MR images were
interpreted together.

Overall, the study bias is clearly that of
a surgically eligible population; there-
fore, the results may not be applicable to
a more generalized patient population. A
surgically eligible population was se-
lected because of the need to obtain his-
topathologic confirmation of the lesions
as a standard of reference. In addition,
intraoperative US of the liver was used to
examine liver segments that were not re-
sected. Although the use of intraopera-
tive US has generally been taken to be a
surrogate for histologic analysis of non-
resected liver segments (22-28), this tech-
nique remains an imperfect standard of
reference (29,30). Intraoperative US is
also operator dependent. Follow-up CT
or MR imaging could be performed, but
this approach requires broad assump-
tions regarding tumor doubling times to
distinguish between new and preexisting
micrometastases. Finally, of the 169 pa-
tients who received Gd-EOB-DTPA, 31
(18.3%) did not undergo a standard of
reference procedure (ie, surgery, intraop-
erative US, and/or 3-month follow-up).
This dropout rate was expected. The sam-
ple size of the enrollment population was
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TABLE 6

Number of False-Positive Liver Lesions Detected by Blinded Readers and Unblinded Site Investigators

Lesions Lesions No. of Lesions Classified
Reader All Lesions =1cm <1cm as Malignant*
Unblinded site investigators
Precontrast T1-weighted and T2-weighted MR imaging 67 25 42 41 (61)
Postcontrast MR imaging 73 22 51 39 (53)
Helical CT 70 27 43 38 (54)
Reader 1
Precontrast T1-weighted and T2-weighted MR imaging 84 42 42 64 (76)
Combined pre- and postcontrast MR imaging 79 25 54 51 (64)
Postcontrast MR imaging 103 40 63 78 (75.7)
Helical CT 106 44 62 62 (58.5)
Precontrast T1-weighted MR imaging 70 44 26 62 (88)
Postcontrast T1-weighted MR imaging 81 40 41 66 (81)
Reader 2
Precontrast T1-weighted and T2-weighted MR imaging 66 31 35 33 (50)
Combined pre- and postcontrast MR imaging 70 24 46 37 (53)
Postcontrast MR imaging 77 25 52 42 (54)
Helical CT 84 21 63 22 (26)
Precontrast T1-weighted MR imaging 52 32 20 26 (50)
Postcontrast T1-weighted MR imaging 63 27 36 35 (56)
Reader 3
Precontrast T1-weighted and T2-weighted MR imaging 74 29 45 31 (42)
Combined pre- and postcontrast MR imaging 71 21 50 30 (42)
Postcontrast MR imaging 94 34 60 39 (41)
Helical CT 91 33 58 34 (37)
Precontrast T1-weighted MR imaging 65 39 26 37 (57)
Postcontrast T1-weighted MR imaging 89 48 41 58 (65)

* Numbers in parentheses are percentages.

TABLE 7

at CT and MR Imaging

Number of Liver Lesions Correctly Detected and Classified as Benign or Malignant by Blinded Readers

Malignant Lesions

Benign Lesions

Modality <1cm =1 cm Total <1 cm =1 cm Total
Reader 1
Precontrast MR imaging
T1-weighted and T2-weighted 13/56 (23) 135/176 (76.7) 148/232 (63.8) 9/39 (23) 19/40 (48) 28/79 (35)
T1-weighted 13/56 (23) 110/176 (62.5) 123/232 (53.0) 3/39 (8) 11/40 (28) 14/79 (18)
Postcontrast MR imaging
T1-weighted and T2-weighted 23/56 (41) 146/176 (83.0) 169/232 (72.8) 16/39 (41) 22/40 (55) 38/79 (48)
T1-weighted 22/56 (39) 137/176 (77.8) 159/232 (68.5) 9/39 (23) 14/40 (35) 22/79 (28)
Pre- and postcontrast MR imaging 21/56 (38) 143/176 (81.3) 164/232 (70.7) 20/39 (51) 23/40 (58) 43/79 (54)
Helical CT 13/47 (28) 134/168 (79.8) 147/215 (68.4) 9/39 (23) 25/40 (62) 34/79 (43)
Reader 2
Precontrast MR imaging
T1-weighted and T2-weighted 10/56 (18) 131/176 (74.4) 141/232 (60.8) 14/39 (36) 18/40 (45) 32/79 (40)
T1-weighted 9/56 (16) 105/176 (59.6) 114/232 (49.1) 6/39 (15) 8/40 (20) 14/79 (18)
Postcontrast MR imaging
T1-weighted and T2-weighted 19/56 (34) 147/176 (83.5) 166/232 (71.6) 17/39 (44) 18/40 (45) 35/79 (44)
T1-weighted 16/56 (29) 125/176 (71.0) 141/232 (60.8) 7/39 (18) 8/40 (20) 15/79 (19)
Pre- and postcontrast MR imaging 18/56 (32) 135/176 (76.7) 153/232 (65.9) 14/39 (36) 29/40 (72) 43/79 (54)
Helical CT 9/47 (19) 127/168 (75.6) 136/215 (63.2) 11/39 (28) 20/40 (50) 31/79 (39)
Reader 3
Precontrast MR imaging
T1-weighted and T2-weighted 11/56 (20) 119/176 (67.6) 130/232 (56.0) 14/39 (36) 20/40 (50) 34/79 (43)
T1-weighted 10/56 (18) 110/176 (62.5) 120/232 (51.7) 5/39 (13) 12/40 (30) 17/79 (22)
Postcontrast MR imaging
T1-weighted and T2-weighted 13/56 (23) 134/176 (76.1) 137/232 (59.0) 16/39 (41) 22/40 (55) 38/79 (48)
T1-weighted 11/56 (20) 131/176 (74.4) 142/232 (61.2) 8/39 (20) 11/40 (28) 19/79 (24)
Pre- and postcontrast MR imaging 16/56 (29) 138/176 (78.4) 154/232 (66.4) 16/39 (41) 27/40 (68) 43/79 (54)
Helical CT 5/47 (11) 124/168 (73.8) 129/215 (60.0) 11/39 (28) 18/40 (45) 29/79 (37)

Note.—Numbers in parentheses are percentages.
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increased to account for patient drop-out
as a result of a lack of surgery owing to
inoperable disease, as well as an expected
lack of completion of all imaging exami-
nations. These factors further indicate a
bias toward a surgically eligible patient
population.

In conclusion, MR imaging with Gd-
EOB-DTPA demonstrated improved sen-
sitivity for lesion detection compared
with precontrast MR imaging for the ma-
jority of blinded readers. The contrast
agent was safe in this patient population.
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